This retrospective study examined whether changes in ventricular volume correspond with changes in adjustable valve pressure settings in a cohort of patients who received shunts to treat idiopathic normal pressure hydrocephalus. We also examined whether these pressure-volume curves and other patient variables would co-occur with a positive clinical response to shunting.
S alomon Hakim in 1964 described the syndrome of idiopathic normal pressure hydrocephalus (INPH) as a treatable medical condition physiologically separate from the more common forms of communicating and noncommunicating hydrocephalus that occur as a result of known pathological mechanisms (10) . INPH is characterized clinically by gait difficulty, incontinence, and dementia and typically occurs in the sixth or seventh decade (4, 5, 16) . INPH is increasingly important for the neurosurgical community because large numbers of people are surviving into old age; maintaining mobility, conti-nence, and cognitive function are central to quality of life for this population. Additionally, evolving shunt valve technology is decreasing the potential complications of shunt placement for INPH, making this procedure appropriate for even greater numbers of patients. INPH is still one of the few treatable causes of dementia and gait disturbance.
One of the major challenges in understanding INPH is the relationship between ventricular volume and clinical response. Previous studies have found no correlation between decreases in ventricular size as measured on follow-up computed tomographic (CT) scans and clinical response to shunting (5, 6, 14, 17, 19, 21, 23, 26) . These previous studies had only two-dimensional measures, namely the Evans ratio, with which to follow any changes in ventricular size after shunting; such linear measures have been shown to be inadequately sensitive to the minimal changes in ventricular size typically sought for the treatment of INPH. The dynamic relationship between valve pressure setting and ventricular volume in the setting of INPH also is poorly understood.
Anderson et al. (1) recently used a three-dimensional analysis to measure ventricular volume changes after shunting for INPH. They observed a decrease in ventricular volume after shunting in 10 of 11 patients. In their study, a traditional two-dimensional analysis by an independent radiologist found decreases in ventricular size in only 2 of the 11 patients. Anderson et al., however, were unable to examine any relationship between decreasing ventricular volume and clinical response, because all of the patients included in the study showed a positive clinical response. They also were unable to comment on ventricular volume changes as they relate to changes in ventricular pressure over time, because the researchers limited their analysis to comparisons of ventricular volume at only two points in the course of treatment: just before surgery for shunt implantation and at one visit during the postoperative period.
The purpose of the current retrospective study was twofold: first, to examine the relationship between ventricular volume and adjustable valve pressure setting in a cohort of patients being treated for INPH during a longer follow-up period of at least 1 year, and second, to assess whether these pressurevolume curves as well as other patient variables may co-occur with a positive clinical response to shunting.
PATIENTS AND METHODS

Patient Selection
Permission was obtained to conduct this study by the Internal Review Board of Brigham and Women's Hospital (Protocol no. 2002-P-001448/1; BWH). Two hundred twenty-seven patients with hydrocephalus of various causes underwent implantation with Codman Hakim programmable valves (Medos S.A., Le Locle, Switzerland) from November 1997 through December 2002 at Brigham and Women's Hospital primarily by one neurosurgeon (PMcLB) and were included in the Brigham and Women's Hydrocephalus Database (mean age Ϯ standard deviation [SD] , 62 Ϯ 20 yr; range, 7-100 yr). We selected 51 patients who met the following criteria: 1) diagnosed with INPH and implanted with a Codman Hakim programmable valve, and 2) having at least two follow-up CT scans at Brigham and Women's Hospital, digitized and retrievable through the hospital's AGFA IMPAX system (version 4.1; Agfa-Gevaert, Mortsel, Belgium), which stores and displays radiographic images. It was this latter requirement that limited the patient number to 51.
Clinical Data
Clinical data regarding the patients' presenting symptoms and clinical improvement after shunting were determined by the nurse coordinator for the hydrocephalus clinic (NOB), who was blinded to each patient's ventricular volume information. These data were gathered from the patients' records and clinical notes. Because standardized and quantitative measures of clinical improvement were unavailable for this retrospective study, patients were determined to have responded positively to shunting if they demonstrated improvement in the three symptom categories associated with INPH: gait, incontinence, and dementia. Follow-up time at which improvement was determined was approximately 6 months.
Ventricular Volume Measurements
Ventricular volume was measured using 3D Slicer, an image analysis and interactive visualization software package developed and maintained at the Surgical Planning Laboratory at Brigham and Women's Hospital (8) . This application package is a freely available, open-source tool for clinicians and scientists (http://www.slicer.org). Using 3D Slicer, one can import both magnetic resonance and CT images and can reformat those images so that one may select the cross sectional view on which to perform the segmentation; for this study the view was axial. Segmentation is the process of outlining the anatomic features of interest, in this case the ventricular system, in two-dimensional axial slices using the program's suite of editing tools, including thresholding and free-hand drawing. These segmentations are called labelmaps and are an intermediate step in the process of creating a three-dimensional model of the anatomic feature of interest. 3D Slicer then extracts these labelmaps and represents them as a collection of triangles using the marching cubes algorithm (18) . 3D Slicer then performs a decimation algorithm that systematically reduces the number of triangles in such a way as to decrease the time required to render these labelmaps into three-dimensional volumes while minimizing the loss of structural detail (24) . Using an accessory feature in 3D Slicer, one can then measure the volume in milliliters of these threedimensional models with exquisite precision (Fig. 1) . Most patients were referred for treatment of their INPH from outside physicians and thus did not have preoperative scans available within the Brigham and Women's IMPAX system, so we were not able to include preoperative ventricular volume measurements in the study.
Statistical Analysis
Our database was generated using Microsoft Excel (Microsoft, Seattle, WA). Statistical analyses and graphic representations were produced using both Excel and JMP software (SAS Institute, Cary, NC). Data were analyzed so as to examine 1) the correlation of ventricular volume with adjustable valve pressure setting; 2) the variability of ventricular volume at constant pressure; 3) differences in ventricular volume response to changes in adjustable valve pressure setting for two groups: those who showed positive clinical response to shunting and those who showed no or incomplete response to shunting; and 4) several variables as potential indicators of positive clinical response to shunting in all three symptom categories: gait, incontinence, and dementia. We performed comparisons between valve pressure and ventricular volume by constructing regression analyses and Student's two-tailed t tests with unequal variances assuming a 95% confidence interval. Variables indicating clinical response were analyzed using a Fisher's two-tailed t test contingency analysis.
For our analysis of study variables as they relate to clinical outcomes, it was desirable to have a numerical score that took into account all three symptom categories combined. To represent a patient's clinical response to shunting in all three symptom categories, we developed a single numerical weighted response score that described a patient's clinical response to shunting by comparing presenting symptoms with symptoms present at follow-up for each patient. Determinations of symptom presentation and clinical response are described above, under "Clinical Data." This weighted factor score represents the percentage of presenting symptoms that improved after surgery in each patient. Follow-up time, defined as the number of weeks from initial postoperative CT scan to final CT scan, ranged from 3 weeks to 219 weeks (mean Ϯ SD, 50.8 Ϯ 43.6 wk), and the number of valve adjustments made during follow-up ranged from 0 to 10 (mean Ϯ SD, 2 Ϯ 1.6). As illustrated in Figure  2 , 86% of patients with gait disturbance at presentation showed improvement for this symptom, 70% experienced improvement in incontinence, and 69% experienced improvement in dementia. Figure 3 illustrates this relationship between decreasing valve pressure setting and decreasing ventricular volume for one patient, for whom we were able to retrieve and analyze seven postoperative CT scans over a 3-year period from September 1998 through October 2001. The chart in Figure 3E graphs the patient's valve pressure settings, ventricular volume, and ventricular index as measured using a formula for assessing hydrocephalus two-dimensionally in INPH patients devised by Tans and Poortvliet (25) . One can observe readily that for this patient, both the ventricular volume and the ventricular index decreased as valve pressure setting decreased, but the two-dimensionally derived ventricular index does not conform as closely to changes in valve settings as ventricular volume does.
RESULTS
The population included in the
Correlation of Ventricular Volume with Adjustable Valve Pressure
In looking at pressure volume relationships, we excluded 17 patients because their pressure and volume values differed significantly from those of the rest of the group or because they experienced subdural collections that were assumed to alter the relationship between valve pressure and ventricular volume. The subgroup of patients in whom subdural collections developed after surgery did not differ significantly from the rest of the population either in sex, age, initial valve pressure setting, or rate of valve and pressure changes before the development of the subdural collection. We defined and analyzed eight relationships between ventricular volume (measured in milliliters) and adjustable valve pressure (measured in millimeters of H 2 O) for the population of 34 patients who had undergone two or more CT scans available for ventricular volume analysis, excluding those 17 who were determined to be outliers as described above. See Table 2 for a complete list of the pressure-volume relationships analyzed and for the variables used in describing these relationships.
The most relevant and significant of these findings are summarized in Table 3 .
The first relationship of interest examines the individual values of adjustable valve pressure settings and the corresponding values of ventricular volume across all patients. The slope Ϯ SD for this equation is 0.456 Ϯ 0.22, and the intercept Ϯ SD is 71.03 Ϯ 23. The correlation coefficient for this relationship was 0.342 (P Ͻ 0.05), indicating that the absolute values of pressure and volume vary so greatly that the correlation between them is only moderate.
To normalize variability across individuals, we examined the changes in valve pressure (⌬P) and the corresponding changes in ventricular volume (⌬V) across all patients and observed a slope Ϯ SD of 0.262 Ϯ 0.159 and an intercept Ϯ SD of Ϫ4.786 Ϯ 5.02. The correlation coefficient for this relationship was 0.327 (P Ͻ 0.05), not much stronger than above. We then sought to smooth the variability in individual pressure and volume values (that is, not ⌬ values) for each patient by examining the average valve pressure settings and average ventricular volume measurements for each patient and observed a slope Ϯ SD of 0.353 Ϯ 0.534 and an intercept Ϯ SD of 88.71 Ϯ 55.7, with a correlation coefficient of 0.231 (P ϭ 0.19), the only one of these observations that does not reach statistical significance. We then examined the relationship between average changes in valve pressure settings (⌬P) and the corresponding average ventricular volume changes (⌬V) for each patient and observed a slope Ϯ SD of 0.533 Ϯ 0.226 and an intercept Ϯ SD of 0.358 Ϯ 6.32. The correlation coefficient for this relationship was 0.648 (P Ͻ 0.05).
Finally, we included a measure of pressure and volume change over time by examining the relationship between average changes in valve pressure setting over time (⌬P/⌬T) and average changes in ventricular volume over time (⌬V/⌬T) and observed a slope Ϯ SD of 0.549 Ϯ 0.178 and an intercept Ϯ SD of 0.039 Ϯ 0.61. For this relationship, we observed a high correlation coefficient of 0.744 (P Ͻ 0.05). 
Variability of Ventricular Volume
We next sought to describe the high variability observed in ventricular volumes for given valve pressure settings by analyzing the values of ventricular volume change (⌬V) for the 39 data points across all 51 patients (now including those patients previously excluded, as described above) where the valve pressure setting did not change, that is where ⌬P ϭ 0. The mean Ϯ SD for ⌬V where ⌬P ϭ 0 was Ϫ4.5 Ϯ 30.2. The median ⌬V was Ϫ3.7. The minimum ⌬V was Ϫ129.4 and the maximum ⌬V was 67.8. Thus, when valve pressure does not change, ventricular volume can vary from Ϫ129.4 to 67.8 ml. However, as one can see in Figure 4 , which illustrates the frequency distribution of these ⌬V values, in most instances when ⌬P ϭ 0, ventricular volume only fluctuates between 0 and 20 ml.
Differences in Pressure-Volume Correspondence for Positive and for Negative Clinical Responders
Finally, we examined the differences in ventricular volume response to valve pressure changes for two different groups: 1) those whose weighted factor score representing clinical improvement in all three symptom categories was 100% (i.e., those who experienced improvement for every symptom they had had before surgery); and 2) those whose weighted factor score was not 100% (i.e., those who either failed to improve at all or who experienced only partial improvement in their symptoms). These results are summarized in Tables 4 and 5 . The groups performed similarly for every pressure-volume relationship except for the average ⌬P and average ⌬V for each patient. For this relationship in the group showing 100% clinical improvement, the slope Ϯ SD was 0.619 Ϯ 0.226 and the intercept Ϯ SD was 3.111 Ϯ 7.08. The correlation coefficient was high at 0.843 (P Ͻ 0.05). For the group experiencing no or only partial improvement, the slope Ϯ SD was 0.266 Ϯ 055, the intercept Ϯ SD was Ϫ6.452 Ϯ 13.91, and the correlation coefficient was 0.257 (P ϭ 0.32), indicating no correlation between average ⌬V and average ⌬P for each patient. Figure 5 , A and B, graphs the lines defined by these two regression analyses. In Figure 5A , the data points adhere closely to the line with slope 0.619, R 2 ϭ 0.71. In Figure 5B , the data points are scattered and R 2 ϭ 0.07, indicating that for this group, average ⌬P and average ⌬V do not correlate.
Analysis of Clinical Response Indicators
In examining clinical outcomes data, it was desirable to include as many patients as possible; therefore, the previously excluded patients who were considered outliers in terms of their pressure-volume data were reincluded for this analysis so that the total number of patients for this portion of the analysis included the original 51. Table 6 lists all 18 patient variables that were evaluated as potential clinical response indicators.
With the exception of average ⌬P/⌬T and average ⌬V/⌬T per patient, all variables distributed in a random pattern, indicating no apparent segregation of the population into clinical responders and nonresponders by the remaining 18 variables. For average ⌬P/⌬T, we found two groups: those whose average ⌬P/⌬T was low (Ϫ11.01 to Ϫ1.06) and those whose ⌬P/⌬T was high (Ϫ0.997 to ϩ3 [P Ͻ 0.05]). The population with higher average ⌬P/⌬T (i.e., with gradual decreases or even slight increases in valve pressure) tended to demonstrate significantly improved clinical response in all three symptom categories. For gait, 96.3% of the population with high average ⌬P/⌬T values improved, whereas only 75.0% of the group with low average ⌬P/⌬T values did (P Ͻ 0.05). For incontinence, 92.3% of the population with high average ⌬P/⌬T values improved, whereas only 45.8% of the group with low average ⌬P/⌬T values did (P Ͻ 0.05). For dementia, 88.0% of the population with high average ⌬P/⌬T values improved, whereas only 47.8% of the group with low average ⌬P/⌬T values did (P Ͻ 0.05). For average ⌬V/⌬T, we also found two groups: those whose average ⌬V/⌬T was low and slightly positive (Ϫ135 to 0.58 ml) and those whose ⌬V/⌬T was high (0.677 to ϩ3 [P Ͻ 0.05]). A greater percentage of the population with higher average ⌬V/⌬T (i.e., ventricular volume increased) improved for all three symptom categories as well as weighted response score than for the population whose average ⌬V/⌬T was lower. For gait, 100% of the population with high average ⌬P/⌬T values improved, whereas only 83.3.0% of the group with low average ⌬P/⌬T values did (P ϭ 0.32). For incontinence, 100% of the population with high average ⌬P/⌬T values improved, whereas only 63.4% of the group with low average ⌬P/⌬T values did (P Ͻ 0.05). For dementia, 100% of the population with high average ⌬P/⌬T values improved, whereas only 61.5% of the group with low average ⌬P/⌬T values did (P Ͻ 0.05).
DISCUSSION
Many studies have demonstrated that ventriculoperitoneal shunting is an effective treatment for INPH, and adjustable valves seem to produce better results than both differential pressure systems and constant flow valves (2, 9, 13, 15, 20, 22, (28) (29) (30) . Adjustable valves are more effective in the prevention The results of those regression analyses that proved to be the most relevant and significant (rows 1-5) are presented in Tables 4 and 5 .
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and management of complications after shunting, primarily nontraumatic subdural collections (7, 31 As mentioned above, in dealing with INPH, clinicians have been working under the assumption that INPH compromises brain function in ways that are similar to these processes in secondary hydrocephalus and thus have been approaching these conditions with similar treatment strategies. The advent of adjustable valves has refined the treatment of INPH in that ventricular pressure now can be reduced slowly over time, which seems to work better for those patients who have been hydrocephalic for long periods and whose brain parenchyma has been deformed by chronically increased ventricular pressure and volume. But how the brain parenchyma of INPH patients responds to these changes in valve pressure has not been examined, nor has the relationship between parenchymal response, the observed pressure-volume curves, and clinical outcome of ventriculoperitoneal shunting.
This study advances previous studies of ventricular volume changes in the setting of shunting for INPH in that we have followed up a large patient population (n ϭ 51) over several weeks and, in some cases, several years. We also have examined these changes in ventricular volume as they relate to adjustments in valve pressure settings over time, so that for each patient we have been able to plot the changes in ventricular volumes resulting from valve pressure adjustments and to produce a pressure-volume curve for each patient that describes the response of that patient's brain parenchyma to shunting over time. Because our study includes both positive and negative clinical responders, we have also been able to observe differences in the pressure volume curves of those patients experiencing positive clinical response from those who did not or who responded to shunting only partially. There similarly are some weaknesses inherent in this retrospective study (to be corrected in a prospective trial), the most important being that we did not have a standardized method for tracking clinical improvement. With such a measure, we would have been able to track degrees of clinical improvement along these pressure-volume curves. In a prospective trial, we also plan to gather information concerning the duration of symptoms before treatment, because such data may very well correlate with the degree of parenchymal damage caused by chronic hydrocephalus and also may predict patient response to shunting. If this theory proves valid, it would support the argument for earlier rather than later surgical intervention for INPH. Also, because many patients were referred to the Brigham and Women's hydrocephalus clinic by outside physicians, we did not have preoperative CT scans, and thus we were not able to assess ventricular volume before surgery. Such a measure would have supplied an additional variable in our assessment of potential predictors of clinical response to shunting, or even a presurgical predictor of parenchymal response to decreasing ventricular pressure.
Pressure-Volume Curves
For this study, we followed up 51 patients for whom CT scans were available for an average of 51 weeks. Thus, we were able to follow changes in ventricular volume after adjustments in valve pressure for an average of 4 years over the course of each patient's treatment. We examined several rela- 
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tionships between valve pressure and ventricular volume, both across and within individuals, all of which are listed in Table 3 . We found that individual ventricular volumes and pressure vary widely among individuals with INPH and that even when valve pressure does not change, ventricular volume can vary anywhere from Ϫ129.4 to ϩ67.8 ml, although most vary only from 0 to 20 ml. Similarly, there was wide variability in patients' valve adjustments and ventricular volume responses over time. All of these factors contributed to the variability and thus the low correlation coefficients observed in the several pressure-volume curves we examined. We should point out that although our correlation coefficients for these curves were low, the P values accompanying these regression analyses were very strong, indicating that we had adequate numbers of comparisons to define these curves accurately, but that the data were too variable to find a strong correlation. This means that for future studies, collecting data for more than 51 patients is unlikely to improve these pressure-volume correlations, but analyzing the pressure-volume curves of 50 or so patients over a longer time using more than two CT scans and ventricular volume measurements per patient probably will produce stronger correlation coefficients.
To overcome this variability, we decided 1) to normalize these data across individuals by examining only the changes in valve pressure settings and ventricular volumes, or ⌬Vs and ⌬Ps within individuals; and 2) to smooth the variability in each patient's valve adjustments and volume responses over time by taking the average of these values. Having normalized and smoothed the pressure and volume measurements, we found a moderately strong positive correlation for all patients, both positive and negative clinical responders, of 0.65 for average ⌬P and average ⌬V. That is, for each patient, the average changes in valve pressure settings over time caused a corresponding average ventricular volume change over time predictable by the pressure-volume curve described in the fourth row of We then sought to compare the pressure-volume curves of patients who had responded positively to shunting with the same curves of patients either who had not responded at all or who had had only a partial response to shunting (Tables 4 and 5). We found that for the group of positive clinical responders, average ⌬V correlated strongly with average ⌬P (correlation coefficient, 0.843) and that this observation was highly statistically significant (P Ͻ 0.05). In contrast, for the group of negative or incomplete clinical responders, average ⌬V did not correlate with average ⌬P (correlation coefficient, 0.257), nor was this observation consistent enough to reach statistical significance (P ϭ 0.32). These observations suggest that the brain parenchyma of patients who experience a significant improvement in their symptoms after shunt implantation responds differently and more predictably to adjustments in ventricular pressure than does the brain parenchyma of those patients who do not respond well to shunting.
The brain parenchyma has been described biomechanically as an open-cell sponge made of viscoelastoplastic material having two major fluid compartments, the cerebrospinal fluid (CSF) compartment and the intracranial venous compartment, which includes the intraparenchymal veins and capillaries, subarachnoid veins, and venous sinuses (3, 11) . Because they are connected to the atmosphere through the extracranial venous system in the neck, the intracranial venous system and the extracellular parenchyma are the only portions of the brain capable of deformation. By collapsing, these compartments are able to dissipate increased ventricular pressure through the extracranial venous system to the atmosphere. Under normal circumstances, the brain parenchyma experiences two equal and opposite pressures: the intraparenchymal venous pressure and the CSF pressure. As long as these pressures are in steady-state, the brain parenchyma is subjected to very little stress and structural distortion. When the CSF pressure increases, the brain parenchyma distorts by collapsing the intracranial venous and intraparenchymal extracellular compartments, thus dissipating increased pressure to the atmosphere through the extracranial venous system. In doing this, the brain parenchyma is distorted by the collapsing of these fluid compartments, so that the ventricular system enlarges. If Force ϭ Area ϫ Pressure, even though this dissipation of pressure effectively lowers the pressure on the brain parenchyma, the distortion of the ventricular system increases the area over which that pressure is applied, thereby maintaining the distorting and damaging force on the brain parenchyma. Until both the size of the ventricular system decreases and the balance of pressures between CSF and parenchyma again reach steady-state, the parenchyma will experience damaging mechanical distortion. If these distorting forces persist, brain parenchyma will be damaged irreversibly both bioelastically and functionally.
In the case of the group of positive clinical responders such as those described above, that their brain parenchyma was able to reexpand and decrease ventricular volume after ventricular pressure decreased suggests that the brain parenchyma of these positive responders had not been permanently damaged by the distorting forces exerted by the chronically increased ventricular volumes characteristic of INPH. The opposite holds true for the group of nonresponders in whom changes in ventricular pressure did not correlate with changes in ventricular volume, indicating that their parenchyma was not able to reexpand in response to shunting. Although it is beyond the scope of this article to explore the pathophysiological explanation of our results, the above observations strongly suggest a link between preserved structural and functional integrity.
Clinical Outcomes
In an attempt to find a way to predict clinical response to shunting, we subjected the 18 variables listed in Table 6 to a contingency analysis and found that of those 18, only 2, ⌬P/⌬T and ⌬V/⌬T, nonrandomly distributed clinical outcome. In terms of ⌬V and ⌬P, we observed that the most precipitous drops in valve pressure and ventricular volume occurred in those patients who were not responding clinically. Based on standard treatment protocol for INPH, this is exactly what one would expect to find, because neurosurgeons typically continue to decrease valve pressure, thus decreasing ventricular volume for those patients who are not responding clinically to ensure that those patients are not being underdrained.
This is a carefully analyzed modeling study of INPH treatment made possible only by adjustable valve technology. We found that 86.3% of patients experienced improvement in gait symptoms, 50% in incontinence, and 68.8% in dementia. With careful volumetric analysis, we found that changes in ventricular volume correlate with adjustments in valve pressure settings for those patients who improved clinically after shunting. This suggests that positive clinical responders have retained parenchymal elasticity and emphasizes the importance of dynamic changes in this cohort. ventricular volume and adjustable valve pressure in 51 patients and attempt to determine whether pressure-volume curves correlate with surgical outcome. The study was performed retrospectively and lacks standardization with respect to diagnosis, radiographic findings, and intervals of followup. Also missing are data concerning cerebrospinal fluid pressure before shunting. Despite these limitations, the available data were analyzed in exhaustive detail. There is some concern, of course, that the application of sophisticated statistical analyses to highly variable data might give misleading results.
The principal conclusion of this study is that a careful threedimensional analysis of ventricular volume in patients with INPH is likely to demonstrate volume changes that correlate with changes in valve pressure in those individuals who respond favorably to ventricular shunting. This is a potentially important observation, but it needs to be supported by evidence derived from a standardized database that permits stratification of the many clinical variables. The present study is a good first step, and it is hoped that the authors will design a prospective trial that rigorously tests the validity of their present findings.
Thomas H. Milhorat
Manhasset, New York M cConnell et al. have performed an interesting retrospective analysis of 51 patients with INPH. Using a software package for computing the ventricular volume after implanting an adjustable valve, they were able to show a significant correlation between patients who improved clinically after derivation (gait, 86%; incontinence, 70%; dementia, 69%), ventricular volume changes, and valve pressure changes. This observation supports the still-persisting brain elasticity in this particular group of responding patients.
This study has three main limitations. First, the study is retrospective, and quantitative clinical evaluations are missing even if partially compensated by the use of a weighted-factor scoring system. Second, the absence of preoperative CT scans weakens the analysis of ventricular volume variation. Third, if we look at the pressure-volume relationship, the elimination of 33% of the patients because of being outliers undermines the results.
Conversely, the computation of ventricular volume after placing a programmable valve and the careful analysis of the results brought three optimistic observations that are still controversial (3): 1) although dealing with INPH, an experienced team can reach a high rate of postoperative improvement (gait improvement in 86% of patients); 2) cognitive improvement can occur after INPH derivation even at a significant rate similar to previously published data (66.6%) (2); and 3) the correlation between ventricular volume changes, valve pressure changes, and clinical improvement again supports the potential plasticity even of the aging brain (1). However, a prospective observational study with quantified preoperative and postoperative parameters should be performed to confirm these important observations.
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